Issues addressed: Australia's ageing population is becoming less physically active and increasingly overweight and obese. There is a need to support physical activity and healthy dietary practices to control overweight and obesity and to prevent chronic disease, amongst the middle aged and older population (40+ years). The Internet is emerging as a potentially effective method of delivering health promotion programs. Results: Eighteen relevant references were identified: 10 online physical activity programs; and eight online physical activity and nutrition programs. Twelve studies reported significant short term effects on behaviour change or weight loss, and four studies did not assess behaviour change, but focused on the usefulness of website strategies, attitude changes and/or recruitment methods. Seven studies experienced low retention rates.
INTRODUCTION
The prevalence of overweight and obesity in Australia has increased significantly over the last two decades with recent data indicating that nearly half of all Australian adults are overweight or obese (1). This is particularly concerning when coupled with an increasing ageing population and its accompanying levels of chronic disease (2). Older Australians are heavier than they were a generation ago, with 60% now classified as overweight or obese (3). Along with this, research has confirmed that in Australia, as age increases physical activity declines, with 50% of adults aged 45 to 59 and 46% of adults aged 60 to 75 being insufficiently active, and about one-third of older adults completely sedentary (4, 5).
Maintaining the recommended levels of physical activity (6), an appropriate diet (7), as well as maintaining a healthy weight are important public health goals to minimise the adverse physiological changes associated with ageing and are paramount to addressing chronic disease. However, there remains a need for more systematic assessment of health promotion strategies to improve health outcomes in the older population (8, 9) and recognition that older people are more likely to benefit from interventions that are tailored to their personal requirements and circumstances.
As use of the Internet escalates in Australia and throughout the world, it is increasingly recognised as a potential medium for health promotion programs to access large population groups (10). The Internet is seen as a technological step forward in promoting health enhancing behaviour, as data indicate that the majority of Australians access the Internet from home and of those who do not have access at home, 25% access it via another site (11).
For many people, locating accurate and evidence-based information on the Internet, devoid of anecdotes and unbalanced views can be a challenge (20) . The Internet holds great promise for the well educated who are already experienced in dealing with the health care system (20). However, for groups such as the elderly and those with less education and experience, it is likely that significant benefits from Internet information will only be derived if health information is designed carefully according to their needs and capabilities.
While the Internet has been around for over 20 years, its utilisation for health promotion is a recent occurrence. This review investigates online physical activity and nutrition programs aimed at adults aged over 40. It aims to identify the benefits and limitations of online health promotion programs; determine the appropriateness of online programs for this age group; and make recommendations for designing online health promotion programs for those in the target group.
METHOD
A comprehensive literature review was conducted using the electronic databases PubMed, Proquest Health, ScienceDirect and Oxford Journals. The literature search consisted of a combination of the following terms: online; Internet; electronic; computer-tailored; physical activity; exercise; nutrition; diet; adults; older adults; and seniors. The search was limited to English language journals published between 2000 and 2009. Abstracts of articles were reviewed for relevance and papers were read in full. Additional articles were sought by examining the reference lists of included articles and systematic reviews identified through the literature search. Other sources of literature such as government reports, reviews and relevant books and book chapters relating to the Internet and Internet use among the target group were also reviewed.
The focus of the research is adults aged 40 years and over. However, due to the Internet's unique ability to be accessed by broad population groups, intervention research programs specifically accessing populations aged over 40 are limited. Therefore, this review includes Internet interventions targeting populations aged over 18 that include the age group of interest, those aged 40 and over.
For inclusion in this review, the studies had to examine online computer-based interventions.
Studies that contained computer based interventions that were not accessible via the Internet were excluded. Three raters reviewed the articles and established two categories based on the intervention strategies. Category a) incorporated physical activity intervention online strategies; and category b) incorporated physical activity and nutrition intervention online strategies.
RESULTS
The literature review resulted in 18 articles discussing specific online computer-based programs. The 18 studies used a range of methodologies including, randomised controlled trials (RCTs), pre-and post-test quasi-experimental designs and longitudinal studies. RCTs are recognised for their robust methodology in testing the effectiveness of interventions.
The articles are reported under two categories: a) online physical activity (PA) interventions (n=10); and b) online physical activity and nutrition (PA/Nut) interventions (n=8). A summary of the reviewed articles is contained in Appendix 1. The summary outlines the focus of each study; sample characteristics; theory; recruitment and engagement; and program outcomes. and, three studies reporting age ranges of older adults 56 to 60 years (21), 50 to 69 years (22) and 65 to 97 years (14) . Six of 10 PA online physical activity program studies consisted of participants with a mean age of over 40 (14, 21, 22, 24, 25, 27) . Sample sizes varied from 30 to 7483 participants. Seven PA studies reported the education level of participants, with six studies reporting that more than 50% (21, 22, 24-26, 34) and one reporting that nearly 25% of participants had undertaken tertiary education (27).
The majority of PA studies were more successful recruiting females (n=9) (14, 21-25, 27, 34, 35) , with only one recruiting more males (26). The most frequently reported challenges were recruiting or engaging participants and minimising attrition rates. Four studies reported retention rates below 75%; however as retention rates are reported for different intervention timeframes (eight-weeks to 13-months) comparisons are difficult (14, (25) (26) (27) .
Participant recruitment or engagement methods included: flyers, newspaper and newsletter advertisements, letterbox drops, face-to-face contact and email contact through workplaces.
One study (34) compared two different recruitment methods for their Internet program and found initial face-to-face contact was more successful for recruiting participants than the dissemination of flyers (34).
Of the 10 PA interventions included in the review, eight study designs included a comparison group. Six of the studies compared online tailored strategies with standard websites (14, 21-23, 25, 26) and one comparison group received print materials (24).
Program outcomes
Five out of the 10 online PA programs reviewed, reported positive results in behaviour change (21, 24-27). One reported significant increases in physical activity compared with a non-tailored website (21); and two reported no significant differences between tailored and non-tailored websites (26, 27). Marshall and colleagues (24) compared a physical activity website with print materials. They found that overall recall and use of the print materials, in the form of booklets and letters, was higher than recall and use of the website and emails, even though participants reportedly favoured receiving health information via electronic rather than print media. Another study by Yardley and Nyman (14) used the Internet for a falls prevention intervention, reporting that some users benefited from strength and balance training online advice. However, they acknowledged that a limitation of Internet -based programs for older adults was that many were not experienced Internet users (14) . Buis et al.
(35) found that overweight or obese participants involved in such programs were less likely to reach their physical activity goals than those of normal weight.
Ferney and colleagues (21) tested the effectiveness of a neighbourhood environment-focused online physical activity intervention, which was developed for residents of a specific neighbourhood and contained information relating specifically to their surrounding environment. The researchers found this method to be successful in increasing total physical activity and neighbourhood walking, and positive comments were reported about the program in post-intervention focus groups.
Online physical activity and nutrition promotion interventions
The majority of physical activity and nutrition (PA/Nut) website interventions (n=6) consisted of participants with a mean age over 40 years. Study sample sizes ranged from 73 to 1071 participants. Three studies reported the education level of participants, with one reporting that over 70% of participants (32) and two reporting that over 90% of participants had undertaken tertiary education (19, 29 Reported retention rates for the PA/Nut interventions ranged from 59% to 87%, with less than a 75% retention rate reported in three studies (28, 31, 32). Comparisons across studies are difficult due to the varying time frames of the interventions (12-weeks to 18-months). Booth and colleagues (28) concluded that a physical activity only online intervention was more successful in terms of weight loss than a combined physical activity and nutrition online intervention. The inclusion of pedometers in this study appeared to be an effective means of motivating participants to be active, however, external factors that could have contributed to outcomes were not ruled out. Tate 
DISCUSSION

Sample characteristics
The use of the Internet for health promotion programs is in its infancy and research exploring the effectiveness of online physical activity and nutrition programs specifically for those in the over 40-year age-group is very limited. Many of the programs included in the review were broad in regard to the age of their target group. This may reflect the recognised opportunities to reach broad audiences via the Internet, or highlight the need for more development of online health interventions that target specific age groups.
Twelve studies reported that participants' mean age was over 40 years and nine studies reported high education levels attained by participants. The high education levels may be indicative of more educated people accessing the Internet . However, four of the studies were conducted in university settings which may have influenced the high education levels that were reported.
Theory
Fourteen of the 18 studies reported basing their intervention on a theory. The most frequently used theory was the Trans-Theoretical Model (TTM), which was used alone, as well as in conjunction with other theories that included the Theory of Planned Behaviour and the Social Cognitive Theory (SCT). The TTM and SCT have been used in a variety of health programs such as sedentary lifestyle and dietary programs (38). TTM provides a useful framework due to its temporal dimension as behaviour change is not a finite event (39), making it a relevant model for online health interventions. However, four of the reviewed online health interventions were developed and implemented without reference to any theory. This is a limitation of these programs as there is substantial evidence to suggest that theory significantly assists the planning and delivery of program and in turn the program's success (40). Health promotion theory provides a framework for identifying factors that influence peoples' health behaviour choices and methods for achieving change, rather than simply basing intervention designs on tradition or intuition (39).
Recruitment and engagement
Engagement and retention of participants in online programs was revealed to be one of the most prominent challenges in the reviewed interventions. This limitation may be linked to the considerable choice that consumers have when accessing the Internet. Rather than committing to a long-term demanding program, they may prefer to look for 'quick-fixes' on alternative websites. Alternatively, it may be a result of the online interventions targeting broad age ranges. This highlights the importance of designing an accessible, engaging and appropriate website and emphasises the need for formative research with the target group in the development stage of an online intervention (42). Interestingly, there did not appear to be any relationship between low retention rates and the settings from where participants were recruited, which may indicate the broad general appeal of the Internet for different population groups.
Program outcomes
Most of the reported intervention program outcomes were based solely on self-report without the confirmation of objective measures. The use of objective measures in addition to selfreport when analysing Internet programs would provide additional evidence and add weight to the reported results (9). However, the additional subject burden and the impact of this burden on attrition rates needs to be considered when incorporating objective measures (50).
Self report has been shown to produce adequately reliable results (51, 52).
This review identified a range of results in terms of behaviour change outcomes, with several studies providing evidence that web-based programs are an appropriate method for targeting populations with physical activity and nutrition intervention programs (21, 22, 25, 28, 32, 34, 36, 47, 53, 54). Neville, O'Hara and Milat (55) in their review of computer-tailored physical activity and computer-tailored dietary behaviour change interventions also concluded that the evidence for computer tailored health behaviour change programs is strong. However, they questioned whether behaviour change can be sustained and the generalisability of the reported results. It is suggested that a reasonable and hopefully achievable goal for online programs is to produce small but ongoing positive improvement in a populations' health behaviour (33). There appears to be considerable scope to improve the quality of these programs that might lead to sustainable behaviour changes. Ongoing research along with rigorous evaluations should contribute to advancing such programs.
Although it is often stated that a benefit of online programs is their cost-effectiveness, there is a lack of evidence supporting this position (14, (56) (57) (58) . Only one study included in this review investigated the cost-effectiveness of Internet interventions, and concluded that due to limited data relating to costs, the assumption that these programs are cost-effective could not be confirmed (56). It has been suggested that the cost effectiveness and economic sustainability of an Internet -based intervention is dependent on the effective planning (57) and it is recommended that program planners consider costs associated with running web programs in relation to their impact (15) . Internet access, Internet use and health literacy need to be considered as certain target populations may not benefit from an online program due to poor access and/or low literacy skills. Low socioeconomic status (SES) groups are less likely to have access to online health programs (12, 13), yet these are at risk groups that are a priority for engagement. Overweight and obesity is high among lower SES groups, those who have not progressed their education beyond high school, and those who live in regional and remote areas (10). Considering this, there is a challenge to improve the accessibility of relevant Internet -based programs for these population groups that are most at risk of poor health outcomes. Nevertheless, there are encouraging indications that the biggest increase in access to the Internet is with at-risk groups, including baby boomers and older adults (12).
Although Internet access and Internet use could be considered problematic for engaging and retaining participants, the most common cited reasons for not using websites is lack of interest, low motivation levels and lack of readiness to participate (41, 47), signifying that technology is not the only barrier to individuals accessing such programs. Taha et al. (48) explored Internet use among older adults and found that users were equally satisfied with both on-and offline information. The study concluded that more strategies to teach effective Internet searching skills are needed for this age group.
Recommendations for online programs
Based on this review, the following recommendations are made for future online physical activity and nutrition programs for the 'over 40s'.
Target population
1. Consult with the target group during the planning and designing stages of Internet interventions. 4. Regularly review and evaluate online interventions, in consultation with users, to adjust website tools and strategies, and to help to engage and retain users.
Intervention components
5. Include interactive elements such as goal-setting, logging and personalised tailoring so that the online program allows interaction between peers and is focused on the specific needs of participants.
6. Consider communities and their environments so as to make the program content relevant to particular neighbourhoods by including strategies such as a calendar of events and maps identifying surrounding locations for different activities.
7. Consider the use of pedometers as part of the online program as their use has been shown to increase motivation for physical activity.
Program Outcomes
8. Statistical monitoring of programs can be used to determine: the number of visitors, log-ins and registrants; goals and targets set by the participants and whether they are reached; the most frequently used web pages; and from where users have been directed to the website.
9. For research and evaluation purposes, collect objective data if feasible, as well as selfreport data and consider following-up on long term outcomes.
Limitations of research
A limitation of three of the reviewed online interventions was the absence of a comparison group. These studies were included as they had sound community based evaluations provding useful practical information. RCT's are not always appropriate for evaluating multi-dimensional community interventions, and there is growing acknowledgement of the importance of more practical evaluation methods for community application (McQueen 2001 ). In addition, the dearth of information specifically targeting the over 40 age group was also limiting. This limitation highlights the need for more evaluation research of online programs that target specific age groups, rather than a 'one size fits all' approach.
CONCLUSIONS
The use of the Internet is rapidly increasing in older age groups and therefore is likely to provide health promotion professionals with increased opportunities to access and engage this target group. The evidence collected in this review suggests that Internet programs targeting over 40s and general populations can result in short term positive health behaviour changes.
However, more evidence is needed to determine the long-term effects of such programs, especially with the specific sub-populations such as the over 40s. Online health interventions with this group hold significant promise as a means of effectively engaging, and retaining them and achieving health behaviour change. The Internet is a medium that needs to be explored further so that it can be exploited to its full potential. Recruited from visitors to university hospital personally and via flyers.
Retention rate 47/52 = 90%
8-week intervention
More participants registered who had initial face-to-face contact (46 of 100). Most of the volunteers (n = 32/43 or 74%) found the tailored advice stimulating. Only 10 participants (23%) made behavioural changes immediately, another 10 indicated they intended to make some changes.
Spittaels, De Bourdeaudhuij
Parents & staff at 14 schools in 3 regions of 
6-month intervention
Behaviour therapy group lost more weight than the education group. The behaviour therapy group lost a mean (SD) of 4.0 (2.8) kg by 3 months and 4.1 (4.5) kg by 6 months. Weight loss in the education group was 1.7 (2.7) kg at 3 months and 1.6 (3.3) kg by 6 months. Changes in waist circumference were also significantly greater in the behaviour therapy group than in the education group at both 3 months and 6 months Log in frequency decreased over time. Participants in GTH-Plus churches had higher log-in and module completion rates than participants in GTH-Only. Participants in GTH-Plus and GTHOnly churches showed significant changes in nutrition at post-test and follow-up compared to participants in control churches. GTH-Plus did not show significantly greater nutrition changes than GTHOnly participants at follow-up; both treatments showed positive outcomes. Changes in physical activity and weight among GTH-Only participants largely paralleled those of GTH-Plus participants but with smaller magnitude.
The results suggest supports in a socially mediated intervention play an important role in behaviour change.
